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Abstract 
Until recently, Web-based study has been considered in the literature to be a one-way, non-interactive form of learning. 
Previous research on effective Web-based study-support systems has mostly focused on support for students. To be 
maximally effective, study-support systems must also help give useful educational guidance tailored to the needs of each 
student and must support effective learning behavior among students. In this study, we report on a system we developed and 
tested that supports students’ effective study techniques through blended learning by using a combination of face-to-face 
lessons and Web-based study sessions. 
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1. Introduction 
Web-based studying has been considered a passive activity until recently. However, with the progression of 
interactive e-learning as an educational strategy, lessons that use Internet-based components are offered widely 
in many educational facilities, such as universities. Moreover, experiments involving blended learning, which 
uses a combination of face-to-face lessons and Web-based study sessions, have also been conducted. Results of 
research on effective Web-based study support, such as practical use of a study history [1, 2], various practical 
uses of Web-based teaching materials [3-5], and on-line note-taking support [6-8], have been published.  
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Most of the research on study-support systems centers on students. However, to ensure the maximum 
effectiveness of such systems, researchers should also keep in mind the crucial role of educational guidance 
from teachers. Many effective teaching methods have been proposed based on long-term research findings and 
the abundant experiences of teachers. For example, a paper-based note-taking system developed at Cornell 
University in Ithaca, New York [9], is used in educational facilities worldwide; it is only as a method to record 
text but also can be used in conjunction with other effective study methods, such as reconfirmation of 
knowledge and training of concentration. 
Herein, we report our development of a system that supports teachers’ educational guidance and the lesson 
practice during which it is provided. For a teacher to provide exact educational guidance to a student, the 
student must practice effective learning behaviors. Our proposed study-support system is student-focused and 
includes essential teacher-support functions. Further, a type of note called a study-point memo was used in on-
paper and on-line formats, to heighten the effects of educational guidance. Many existing course-management 
systems (CMSs) and many plug-in modules support those goals; however, by building a dedicated system, our 
goal was to enable a more granular level of support than that which is possible with other systems. 
We first examined the teaching materials corresponding to achievement level; we judged each student’s skill 
level for every lesson. By doing so, we enabled teachers to glean whether their students were using effective 
study skills by providing teachers with complete numerical data based on historical information, such as 
achievement level and detailed learning behaviors, and qualitative data, such as the contents of study-point 
memos, to help them provide more precise educational guidance. 
 
2. 2. Features of the study-support system  
Educational guidance from teachers is intended to spark zeal for learning and to help students study 
effectively. Teachers with abundant educational experiences can guide their students most efficiently, from the 
standpoint of students’ actions and study results, by devising learning materials, teaching methods, etc., for 
everyday classroom use, constantly seeking to establish an effective learning environment for students.  
However, in traditional classroom practice, a lesson is taught to all students simultaneously using the same 
learning materials; uniform learning contents are received by all participants. Therefore, students whose level 
of knowledge corresponds to the content level of the teaching materials may be able to study effectively. 
However, in the case of students for whom the difficulty level of the lesson is unsuitable, zeal for learning may 
be dulled or even extinguished. It is difficult for this latter type of student to study the given material 
effectively. Moreover, many students take a lecture class to fulfill a requirement for graduation. These students 
may not be interested in the course content and are often not highly motivated to study outside class.  
In this paper, to support continuous, effective learning, we propose a study-support system to help teachers 
to grasp the achievement level and attitudes of each of their students and to perform effective, individualized 
educational guidance. Our system consists of Web-based teaching materials classified by achievement level, a 
study unit, and three functions of a study-point memo, which we will describe herein. 
. 
2.1. Web-based teaching materials classified by achievement level 
To perform educational guidance that helps students to study effectively, it is necessary to provide a suitable 
learning environment for them. It is particularly important to offer learning materials that are adapted to each 
student’s current achievement level.  
To ignite students’ zeal for learning, it is crucial that students realize that studying has a positive effect [10]; 
adapting the study contents to each student’s achievement level makes this possible. However, because many 
1184   Hiroyasu Usami et al. /  Procedia Computer Science  22 ( 2013 )  1182 – 1191 
students constitute a class, it would be extremely impractical to offer simultaneously a variety of learning 
materials, each of which corresponds to an individual student. 
In Table 1, we shown the original Web-based teaching materials we created, in which we delineate three 
achievement levels. (Three steps of teaching materials 1, the teaching materials 2, and teaching materials 3 
from the 3rd class to the 2nd class of the Society for Testing English Proficiency). Web-based teaching 
materials, classified by achievement level, were created by blending the teaching materials at a fixed rate as 
shown in Table 2. 
 
Table 1. Original Web teaching materials 
Variable Teaching materials 1 Teaching materials 2 Teaching materials 3 
Level Proficiency test level 3 Proficiency test level semi-2 Proficiency test level 2 
Number of problems 600 600 600 
 
A total of 600 multiple-choice questions were created beforehand for the Web-based teaching materials 
based on the original teaching materials, as shown in Figure 1.  
 
 
 
 
 
 
 
 
 
 
                       Figure 1 Multiple-choice problem                                          Figure 2 Open-ended problem (self-graded) 
The open-ended problem type (for which students grade their own answer) was tailored to the knowledge of 
the individual student rather than to achievement level E (Table 3) in the autonomous Web-based portion of the 
study described later herein (Figure 2). Based on analysis of previous experimental lessons, some students who 
finish a subject in a short time can become bored or disgusted with multiple-choice questions [11]. To address 
this possibility, students who had surpassed achievement level E, in particular, were given open-ended 
problems. 
Table 2 shows the five-step Web teaching materials system classified by blending of achievement levels, 
and Table 3 shows the nine-step version of the same. Our assessment of the Web-based teaching materials 
classified by the achievement level of each student was performed as follows. Each student’s achievement level 
was first judged at the beginning of a lesson; then, we determined each student’s achievement level as having 
increased, stayed the same, or decreased by increments of one step from the initial study result by the end of 
every lesson. 
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Table 2. Teaching-material levels, classified by 5-step achievement levels  
Level A B C D E 
Teaching material 1 100% 50%    
Teaching material 2  50% 100% 50%  
Teaching material 3    50% 100% 
 
Ozaki et al. [1] developed a method of judging a student’s achievement level and offering corresponding 
dynamic Web-based teaching materials classified by achievement level. Using this technique, Sugimura et al. 
[3, 4] repeated this type of study experiment and verified the learning effect reported in the earlier study. 
We analyzed the results of lesson practice in a Japanese university and a junior college in fiscal year 2009 
based on data from fiscal year 2005 and also examined the results of using the blended learning method 
involving Web-based teaching materials classified by achievement level. As a result, when students 
experienced the lesson that incorporated the Web-based teaching materials classified by five-step achievement 
level, change in their achievement level did not follow that observed by Sugimura et al. [5], in an experiment 
using virtually identical conditions and population. We observed a comparable rise in achievement level using 
the Web-based teaching materials classified by nine-step achievement level. We posit that the more detailed 
achievement-level division was well suited to the students’ needs; hence, we adopted the Web-based teaching 
materials classified by nine-step achievement level to use with study participants from that point forward. 
  
Table 3. Rate to mix teaching material for classifying by 9-step achievement level 
Level A B C D E F G H I 
Teaching material 1 100% 75% 50% 25%      
Teaching material 2  25% 50% 75% 100% 75% 50% 25%  
Teaching material 3      25% 50% 75% 100% 
 
2.2. Study unit 
Although lessons in a university setting combine in-class lessons and preparation and review outside class, it 
is colloquially understood that many students omit the preparation and review steps. However, students should 
study with the firm intention to learn; researchers cannot expect a positive learning effect even if a teacher 
mentions that it is compulsory to study outside class. In our study, the study unit, a form that combines 
autonomous Web-based study outside the classroom and an in-person lecture (60-minute lecture + 30-minute 
Web-based study session), was developed to support continuous study and to inspire students to study 
autonomously (Figure 3).  
As previously stated herein, studying is an independent activity performed by students; the teacher’s role is 
to support students so that their studying is effective and continuous.  
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Figure 3. Study unit 
(1) Blended lesson 
     In a blended lesson (a.k.a. study unit), a 60-minute lecture is given first and a 30-minute Web-based study 
session later, to help students explore the subject matter. In Web-based studying, learning materials that 
determine each student’s current achievement level offer the most appropriately targeted questions for every 
lesson. Any problem for which the student gives the wrong answer in the Web-study session triggers a guided 
review of the material covered in the problem, so that the student may repeatedly engage in learning the 
material until he or she answers all questions in the lesson correctly by the time of the next in-person lecture. 
Although Web-based study is an independent activity performed by students, teachers offer educational 
guidance based on information about each student’s learning history (i.e., quantitative data) and the contents of 
study-point memos (i.e., qualitative data). The educational guidance performed in the blended lesson must take 
into consideration not only how to teach the lesson contents but also how to address the attitudes of students, 
such as zeal for learning. Researchers point out in the literature that such educational guidance works best when 
a confidential, friendly relationship exists between students and the teacher; this increases students’ autonomy 
and zeal for learning [11, 12]. 
 
(2) Autonomous Web-based study 
In our experiment using the proposed study unit, one group of students participated in one-week guided 
outside-class study session based on the unit contents. Although some students could not complete the Web-
based study session, others finished all such sessions in a short time.  
In the control group, students participated in an autonomous Web-based study session that had not been 
tailored to individual achievement levels; these students’ spontaneous studying behaviors were less effective, as 
we had expected. To avoid burdening students unduly, we used the same study method for the Web-based, 
outside-class study sessions as for the autonomous Web-based studying method.  
We set up the short-term study target of making each student participant finish the study unit within one 
week rather than granting an indefinite period in which to learn the material. We carried out strict time 
management via computer, telling participants that the deadline for completing each study unit was until 
“11:59:59 PM” of the day before the following lesson.  
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2.3. Study point memo 
Many teachers believe that providing effective in-person educational guidance is important despite the 
increasing use and growing sophistication of Web-based learning techniques. Previously, instruction to help 
students study effectively was accomplished by in-person educational guidance using note-taking materials 
such as study notes and study-point memos. This combined method, like our proposed method, depended on 
teachers grasping not only the lesson contents of study but also each student’s attitudes.  
 
Harmer [13] experienced educational training using Computer Assisted Language Learning (CALL) 
software in the linguistic training center of the University of Leeds, England [14] from September 2006 
through September 2007; as a result, Harmer recognizes anew the importance of not only online education 
instruction via e-mail, the Internet, etc., but also in-person lessons and educational guidance from teachers. The 
most important lesson from the CALL software experiment is not to advance the introduction of a Web-based 
or computer-based instrument simply based on its compatibility with the conventional face-to-face lessons or 
on the composition of an effective introductory method.  
Note taking is said to require the power to understand the capability of students to summarize and describe 
the contents of the lesson in a short time [15], as well as mastering the lesson contents to be studied. In many 
educational facilities worldwide, students study effectively using the paper-based note-taking system developed 
by Cornell University. Therefore, using qualitative data, such as a study-point memo, in addition to the 
digitized study history for each student that is contained in the Web-study portion of our system, promotes 
autonomous learning among students and is also effective in informing the educational guidance offered by 
teachers [15-17]. In this study, we made practical use of the study memo developed by Sugimura et al in a form 
that blends on-line (Internet-based) and off-line (paper-based) modalities. 
  
3. Development of a system that offers study support 
The purpose of a study-support system is to help students maintain a comfortable learning environment. 
Therefore, teachers share the course content with students, building an environment in which they can provide 
custom-tailored educational guidance. One of the elements of our proposed system has a note-taking function 
that can be used based on a study-point memo. As shown in Figure 4, if the user clicks on the Memo Writing 
tab in the lower left-hand field of the screen when receiving the answer to a problem answer, the Memo 
Writing form (on a right-hand screen) will be displayed, making electronic note taking possible. Moreover, past 
study memos can also be reviewed from this screen.  
Paper-based study memos are commonly judged to be an effective tool for educational guidance; they can 
also be converted to study-point memos. Moreover, the achievement level of each learner was determined for 
every lesson and the Web-based teaching materials were classified by optimal achievement level for students at 
each presentation of the system. 
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Figure 4 Usual study screen.                                                                  Figure 5 Sample of a study end screen. 
     Figure 5 shows an example of the display screen for a study result (left pane) and the achievement level, 
as determined by the system (in this case, level E). To encourage autonomous study among students, it is 
desirable that students understand the self-learning tools available to them. In Figure 6, a finer degree of detail 
regarding a certain concept that merited repeated study (right screen) is displayed, along with an information 
list regarding a student’s study history (left screen). The extracted history information is edited for legibility 
and can be seen at the beginning and end of each study session.  
During the Web-based materials portion of the study, teachers provided educational guidance to students in 
a blended lesson. Because students and teachers saw the same on-screen content and any new electronic study-
point memos were visible on the desktop, teachers were able to provide educational guidance to students based 
on the information contained in both tools. When a paper-based study memo is used, as in this practice lesson, 
a scanner, portable camera, or other such device can be used to incorporate the relevant information into the e-
learning system as an electronic study memo. These e-memos are edited based on relevant on-line information 
and can be grouped together in a study memo pad (Figure 7) at any time. Analysis of the results of our 
experimental lesson shows students who have attained a level higher than achievement level E can also tackle 
more difficult contents on the topic of study. For such students, open-ended problems were offered in the 
autonomous Web-based study mode, and students graded their own answers. 
  
 
 
 
 
 
 
 
 
 
 
           
Figure 6 Study-history confirmation screen.                                                   Figure 7 Study memo pad. 
 
Multiple-choice 
problem 
Study memo 
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4. Evaluation of educational guidance in lesson practice 
4.1. Lesson analysis using Web-based teaching materials classified by achievement level  
We analyzed the practice lesson we used in this study based on the study history we extracted during the 
first half of 2010 for four English-language general-education classes in a university and a junior college (N = 
129 students: 37, 31, 49, and 12 students, respectively). In the lesson for which this system was used, the 
achievement level was judged and the next achievement level was determined. Figure 8 evaluates the change 
observed in each of the classes based on the original achievement level as follows: rising: +1, no change: 0, and 
descending: -1. 
As shown in Figure 8, students for whom no change was observed form 79.6% of the whole; we believe 
that the achievement level of these students was evaluated appropriately. Moreover, comparatively few rates 
descended below 5.6%; almost all students had grasped the lesson, according to their evaluation in the 
questionnaire they had filled out at the end of our study. We believe that that the teachers offered suitable 
instruction to the students in the study unit. Further, although only a few students repeated a lesson as many as 
12 times, the rate of repeating of lessons was approximately 14.8%. 
Based on these results, we believe that the level of difficulty of the content being taught at the time of study 
was suitable. Moreover, the point that students and teachers have always shared in students’ achievement level 
was also evaluated by the students and teachers. 
 
 
 
 
 
 
 
 
 
Figure 8 Change of achievement level with blended-learning strategy.. 
4.2. Evaluation of study unit  
 In the study unit, Web-based study was incorporated into the blended lesson; teachers provided educational 
guidance to students at the time of Web-based study sessions. Moreover, students were provided with tools to 
encourage autonomous Web-based study outside the classroom; we set up a continuous learning environment 
that would remain in place for the week of the study. Further, information on students’ study history (i.e., the 
calculation target) and a study memo (i.e., qualitative data) were given to participants; students and the teacher 
could maintain this desirable learning environment while working on a study unit. During the Web-based study 
portion, we set up instruction and system functional elements based on the topic of the study unit; each student 
repeated the lesson until he or she answered all questions correctly. Table 4 shows how many questions each 
student got wrong among the subjects presented in the study unit. We measured student achievement level at 
the start of a lesson and that at the end of a lesson and determined the rate at which the achievement level rose, 
showed no change, or descended.  
The rates of rising achievement level and no change/descending achievement level from the group that 
learned via Web-based study sessions conducted outside class until they answered all questions correctly were 
each 38.0%. Moreover, regarding students who initially answered between 1 and 3 questions wrong, the rate of 
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rising achievement was 45% and the rate of no change/descending achievement was 41.0%. Further, regarding 
those who answered four or more questions incorrectly, the rate for rising achievement was 17.0% and that for 
no change/descending achievement was 16.0%. Based on those results, we report no big difference in either 
type of learning behavior.  
Based on teacher comments and data from the questionnaire taken by students at the end of the course, we 
observed an effect of the educational guidance provided by the teacher at the time of the Web-based study 
session in a study unit. In particular, each student evaluated whether the teacher tailored the instruction 
appropriately according to suitable data (i.e., the study histories and study memos); by using these tools, a 
desirable rapport was built between the student and the teacher. This finding was based on the contents of 
study-point notes; the effectiveness of teachers’ educational guidance was based on the information in the 
students’ study histories. 
. 
Table 4. The number of final wrong answers in the Web-based study-session content 
Achievement level 0 1 - 3 Ӌ4 Average SD No. 
Rising 38% 45% 17% 1.82 2.34 69 
None/Descending 38% 41% 16% 2.36 3.32 53 
4.3. Practical use of study-point memo and study-history information  
A study-point memo does not merely consist of notes on a topic of study, teachers’ comments, etc. Writing a 
study memo effectively requires note-taking technology, involving such elements as spacing and use of font 
size and color. Further, the method of description changes with a student’s study methods and achievement 
level. In the lesson, educational guidance that takes into consideration each student’s achievement level and 
attitudes was provided based on an abbreviation of the description or the contents of the description. Teachers 
provided educational guidance during the Web-based study portion of a study unit.  
As a result, qualitative and quantitative data were used together by teachers to help them more accurately 
evaluate student attitudes, zeal for learning, etc., and provide more suitable educational guidance. Further, by 
communication of individualized educational guidance by teachers, participants reported that a strong student-
teacher relationship had been built. 
 
5. Conclusion 
Our findings show that our proposed student-centered study-support system that includes Web-based and 
teacher-support functions helped teachers improve the quality of the individualized educational guidance they 
offered to students, resulting in a higher percentage of rising achievement levels compared with no 
change/decreasing achievement levels. A particularly helpful tool for teachers was the study-history 
information component, which enabled teachers to make particularly effective use of the expertise they have 
gained from their abundant teaching experiences. As a result, strong relationships between students and 
teachers were built. In future research projects, we hope to conduct practical classes using our blended learning 
system and to build a stronger system that further incorporates effective educational guidance methods used by 
teachers. 
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